A bibliometric analysis is conducted to study the history and status of rice research from 1985 to 2014. We find that the number of publications has grown rapidly over the past 30 years, especially in Asia. However, the gap of research output quality between Asian countries/regions and USA is obvious. The keywords co-occurrence analysis shows that the genetic analysis for agronomic traits is a hot topic. It could be expected that more technologies such as metabonomics and proteomics will be integrated to accelerate the comprehensive analysis of rice genome function.
RICE takes the core position in grain crops 1 . It is a staple food providing calories for about half of the world's population 2 . Especially in Asian countries, rice is the major cereal crop as it is well adapted to monsoon conditions with high productivity and nutritive value 3 . The crop is significant for maintenance of food security. Also, rice exerts an adverse impact on climate change since it has considerable amount of CH 4 emission. Extensive research on rice has yielded good results. Rice yield has undergone two big leaps in the last half a century 1 . In particular, rice production in China has more than tripled in the past five decades, mainly due to increased grain yield rather than increased planting area 4 . Similarly, for India, which takes the second place in terms of rice production world over the yield has increased by 64.06% from 1985 to 2014, according to numbers from FAOSTAT. However, rapid population growth poses pressure on food production. To further increase the yield potential, several major national and international programmes have helped increase investment in rice research 5, 6 . Using bibliometric analysis, we can further understand the status of global rice research 7 . In recent years, bibliometrics has been broadly used as a quantitative analysis method in many scientific research fields such as graphene 8 , nanotechnology 9, 10 , tuberculosis 11 and neurosciences 12 . With regard to agricultural research, studies have been publications in the realm of agriculture and even crop science adopting bibliometric methods 13, 14 . Research on rice had a long history. The earliest ricerelated literature retrieved from Science Citation Index (SCI) database was published in 1902 (ref. 15) ; however, bibliometric analysis of multi-disciplinary perspective on rice research is rare. There are very few related papers in the Web of Science (WoS). Morooka et al. 3 have analysed interdisciplinarity in Japanese rice research and technology development using bibliometric method. In the present study, we analyse rice-related publications which are indexed by SCI in the recent 30 years . Global scientific research on rice is analysed at the level of overview, subject category, journal, country/ region, institution and author. We also explore the hot spots for rice research by analysing articles published in high-quality journals. These efforts will provide a blueprint of the mainstream research on rice the world over, as well as clues about relevant hot research topics.
Data and methodology
This study aims at analysing the distribution and trend of rice research. The bibliometrics data were collected from WoS on 26 May 2015. It is necessary to note that because the attribute of natural science of rice research, only SCI Expanded in WoS is selected. The cultivated rice consists of two species, Oryza sativa L. and Oryza glaberrima Steud (ref. 1). Thus 'Rice', 'Oryza sativa' and 'Oryza glaberrima' have been used as keywords, with the query TI = (rice or 'Oryza sativa' or 'Oryza glaberrima'). The study covered the time-period from 1985 to 2014, while document type included only articles, and the language was restricted to English. We used title search rather than topic search to retrieve the literature, so as to control the precision of retrieval. All the downloaded data from WoS were parsed into a designed database in SQL server for analsis, specifically including publishing trend, related journals, top countries/regions, top institutions and top authors.
The transformative activity index (TAI) suggested by Guan and Ma 16 and developed by Garg et al. 17 was used to compare the relative change in output during three blocks, i.e. 1985-1994, 1995-2004 and 2005-2014. CURRENT SCIENCE, VOL. 112, NO. 5, 10 MARCH 2017 1004
where C i is the publication counts of the specific country in the ith block, C o the total publication count of the specific country during the study period, W i the publication count of all countries in the ith block and W o is the publication count of all the countries during the study period.
Then, aiming at further exploring the features of articles published by high-quality journals and to find out the hot topics of rice-related research, we selected 68 Nature Index journals and analysed the countries/regions, institutions and keywords of articles published in them. The list includes both multidisciplinary journals and some of the most highly selective journals within the main discipline of natural science. They represent less than 1% of the journals covering natural science in WoS, but account for close to 30% of total citations to natural science journals 18 . When the Nature Index journals are selected, articles published by these 68 journals from 1985 to 2014 are analysed.
CiteSpace II was used to perform the co-word analysis. This is a freely available software package used for visualizing and analysing trends and patterns in scientific literature retrieved from WoS 19, 20 . The program makes it possible to systematically identify the developments of the specific knowledge domain 21 . This analysis offers researchers a comprehensive picture of the overall development of rice research.
Results

Publishing trend
WoS includes several types of documents like articles, reviews, letters, conference papers published as research papers, etc. among which only articles are selected in this study for analysis. A total of 38,732 rice-related articles have been indexed during the 30-year time-period. The number of publications on rice has increased rapidly over the last three decades -from 446 articles in 1985 to 3124 articles in 2014 ( Figure 1 and Table 1 ). The average annual growth rate of publications is found to be 6.95%. The considerable increase in annual publications indicates that rice research has been receiving more attention the world over. 
Subject categories
Based on the subject categories defined by WoS, 38,732 articles on rice-related research have been classified into 124 subject categories. The top 10 most productive subject categories and their total citations, average citations and h-index were statistically analysed ( Table 2) . Agriculture has the largest number of publications during the last 30 years, whereas plant sciences has the largest number of citations and highest h-index. Genetics/heredity has the highest average citation per article. From the perspective of countries/regions, all related articles are published by authors from a total number of 157 countries. For both China and Japan, plant sciences is the hottest subject. However, for USA, India and the Philippines, the largest number of publications is in the realm of agriculture.
Related journals
The 38,732 rice-related articles are published in a wide range of 2,565 journals. The number of journals has increased from 51 in 1985 to 93 in 2014. Table 3 shows the top 10 countries/regions with respect to distribution of related journals. USA has the largest number of journals (933, 36.37%), followed by England (639, 24.91%), The Netherlands (288, 11.23%), Germany (148, 5.77%) and Japan (101, 3.94%). Figure 3 shows a plot of all the articles with journal impact factors. It can be seen from the figure that only a few articles are published in high-quality journals, and most articles are published in journals with low impact factor. Table 5 shows the top 10 most productive countries/ regions of rice research from 1985 to 2014, among which China has the most publications (8152, 21.05%), followed by Japan (7842, 20.25%) and USA (6318, 16.31%). USA has the highest h-index (154), followed by Japan (138) and China (122). USA also has the greatest number of total citations (172,062) among the top 10 most productive countries/regions. Although England is only ranked tenth with 1030 publications, it is ranked second with respect to average citations per article. Whereas among the most productive countries in rice research, China is ranked eighth for average citations per article.
Top countries/regions
The values of TAI for different countries/regions (Table 5 ) suggest that the publication activity has decreased considerably for most countries/regions, including Japan, USA, India, the Philippines, England and Taiwan, China with the Philippines showing maximum decrease. For countries such as China, South Korea and Thailand, there is an increase in TAI, which indicates that there is an increase in the publication activity. It is obvious that the increase is maximum for China.
In the past 30 years, China has shown an increase in the number of articles, total citations, average citations per article and h-index. Meanwhile, more Asian countries/regions have taken the top 10 positions in the recent decade. Overall, the results show that Asian countries/regions are gradually playing a key role in global rice research throughout the study period. Table 6 lists the top 25 most productive institutions for rice research from 1985 to 2014, along with the number of articles, total citations, average citation per article and h-index. According to the results, the International Rice Research Institute (IRRI) in the Philippines ranks first with the most publications (2046, 5.28%), and total citations (59,930). Cornell University, USA has the highest average citations (67.36) and National Institute of Agrobiological Sciences in Japan has the greatest h-index (104). Japan has 8 out of the top 25 most productive institutions followed by China (6) and USA (5). It is consistent with our previous results (top countries/regions) that these three countries and IRRI are leading the rice-related research. Among the top 25 institutions, 20 are from Asia while 5 from USA. Table 7 shows the top 10 prolific authors based on complete count and top 10 corresponding authors of ricerelated articles from 1985 to 2014. The reason why we analyse the top corresponding authors is that they are usually the principal investigators/senior authors who provide the intellectual input, approve the protocols to be followed in the study. Since WoS does not provide accurate author address information until 2007, analysis of the top corresponding authors is based on data from 2007 to 2014. According to the analysis, authors from China and Japan are prominent in the two lists showing outstanding performance. The most prolific author is Yano, M. from the National Institute of Agrobiological Sciences Japan, with 186 publications. Wan, J. M. from the Chinese Academy of Agricultural Sciences is the most prolific corresponding author with 126 publications, who is also among the top three most prolific authors with 154 publications. Table 8 
Top institutions
Top authors
Features of articles published by high-quality journals
Here, we focus on the articles published by high-quality journals; so only 68 Nature Index journals were selected Table 9 shows the top 10 most productive institutions from 1985 to 2014. Asia has eight institutions in the list. Chinese Academy of Sciences is the most productive institution (73, 14.29%), which has the highest total citations (11, 041) . National Institute of Agrobiological Sciences Japan is ranked second in terms of publication count and has the highest h-index (41). Cornell University is ranked tenth, but has the highest average citation per article (300.05). Japan has 3 as many as 4 out of the top 10 most productive institutions. China has 3 of the top 25 institutions, USA has 2, and the Philippines has 1. Figure 6 shows the keywords co-occurrence analysis of the selected 511 articles published by Nature Index journals, using CiteSpace. The pivotal nodes in Figure 6 Table 10 shows the most frequently used keywords in these 511 papers, among which gene is ranked first, followed by Arabidopsis, linkage map, etc. From Figure 6 and Table 10 we can see that the major goal of rice research during the past three decades has been to understand how the genome functions make the plant produce different phenotypes. Another important goal is applying these findings for genetic improvement of rice, which may also serve as a model for other crops (maize, wheat, etc.). The researches mainly focus on characterization of functional genes controlling important agronomic traits, such as yield (tiller number, grain size and grain number), quality (grain chalkiness), abiotic resistance (drought, nutrient-use efficiency and submergence), biotic resistance (bacterial blight, blast disease and brown plant hopper), and head dating. Almost all studies published in the 68 high-quality journals covered by Nature Index focus on the natural variations of such important agronomic traits.
Conclusion and prospect
A bibliometric analysis was conducted to study the status of rice research from 1985 to 2014. The number of ricerelated publications has shown rapid growth over the past 30 years, with Asian countries/regions, especially China showing maximum growth. China has published the most rice-related articles. However, the gap between Asian countries/regions and the USA is obvious considering the overall quality of publications. We have identified prolific authors as well as highly cited authors. USA, Japan and China are the top three countries with most publications. Keywords co-occurrence analysis of the articles published by the Nature Index journals shows that genetic analysis for agronomic traits is the hot topic in rice research. It could be expected that more technologies such as metabonomics, proteomics, and phenomics will be 
